Abstract-The dynamic analysis and application of a PID controller with compensation to a two-pass resonant system is presented. A complete state-space mathematical model for systm is first developed. Then, a PID controller with feedback compensation is designed to regulate the speed of the system. The parameters of the controller design by coefficient diagram method.
I. INTRODUCTION
In some industrial applications, like a steel mill drives which has a long shaft and large load side mass or a robot arm which has flexible coupling, the mechanical part of the system has very low resonant frequency. The dynamics of such a system must hence be modeled as a two-mass or multi-mass system [1] , [2] . A typical configuration of steel rolling mil system is show in Fig. 1 . In the design of a linear time-invariant control system using the classical control theory, the first step is to choose the controller type. In most cases, the cost of control systems increases with its complexity. Due to their merits such as simple structure, high efficiency and easy implementation, the conventional PID is widely used in most servo applications such as actuation, robotics, machine tools, and so on. They are easy to adjust and configure, in addition to providing possibilities of improvement in operation and control.
The tasks for the control of the two-mass resonant system are suppress the shaft torsional vibration, reject the effect of the load disturbance torque and tracking the load speed of the speed reference without overshoot [3] . The dynamic performances of speed and position controlled multi-mass driving system can be deteriorated especially due to the elastic coupling, non-linear friction and backlash. Many methods have been presented in the literature for the torsional vibration control of two-mass system such as sliding mode control [4] , adaptive speed control [5] , resonant ratio control [6] and state robust control [7] . A predictive strategy base on state feedback with a reduced order extended Kalman filter for the speed control of a two-mass system driven by a permanent magnet synchronous motor is presented in [8] . A nonlinear approach for wind power capture optimization while limiting transient loads on the drive-train components using a two-mass model and a wind speed estimator presented in [9] . In [10] proposed a Kalman filter and LQ based speed control with an integrator including load torque compensation, which Kalman filter has been used to estimate the load speed, shaft torque and load torque. A neural network estimator has been used to estimate the mechanical state variables such as the torsional torque and load-side speed of the two-mass drive system in [11] .
The objective of this paper is to develop an algorithm to design a speed control strategy of a two-mass resonant system by a PID controller. It is seen that the control system has fast speed response and robust stability. This paper describes a study on the PID controller design of two-mass resonant system considering the response frequency and response step. Fig. 2 shows a schematic of a two-mass resonant system consisting of two lumped inertias J M and J L , representing the motor and load, respectively, coupled via a shaft of finite stiffness K S , that is subject to torsional torque T S and excited by a combination of electromagnetic torque T M and load-torque perturbations T L . The motor angular velocity is denoted ω M and the load velocity is denoted ω L [12] . The nominal parameters of the system show in Table I . 
II. MATHEMATICAL MODEL
The transfer function load is denoted G L (s) and the transfer function motor is denoted G M (s). Fig. 3 provide a dynamic block diagram representation of the two-mass mechanical system which the electromagnetic torque produced by the servo machine. The machine rotor angular velocity, load angular velocity and torsional torque can be derived, such as:
where the characteristic equation of the open loop system is given as:
Since damping losses usually considered being relatively low, they are neglected without significantly affecting the accuracy of the forgoing analysis. The resonance frequency (ω R ) and anti-resonance (ω A ) frequency are defined as:
An increase in the motor inertia constant decreases the ω R without affecting the ω A . Conversely, increasing the K S coefficient increases both ω R and ω A . Therefore, in the large systems, which have large inertias, generally produce low natural frequencies. The dominant eigenvalues for open-loop system are P 1 =-0.0468 and p 2,3 =-5.6529±j40.6185. The resonant frequency is ω R =41.0 rad/s and anti-resonant frequency is ω A =13.5 rad/s. The damping factor of the original plant without the controller is η=0.1367. Since all eigenvalues of the system are on the left hand of the plane, the system is stable but highly damped. The response frequency of transfer functions relative to motor torque show in Fig. 4 . 
III. CONTROLLER DESIGN
The Coefficient Diagram Method (CDM) is an indirect pole placement method to design an appropriate characteristic polynomial. The CDM can give a controller design which is both stable and robust, and it has the desired system response speed. CDM needs some design parameters with respect to the characteristic polynomial coefficients which are the equivalent time constant (τ) and the stability index (γ k ) [14, 15] . A general form of characteristic polynomial of a closed-loop control system is: 
There is a relationship among the coefficients of the controlled system closed-loop characteristic polynomial:
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In this section, design considerations of the proposed controllers combined with feedback compensation are given. 
The closed-loop transfer function from the command speed (ω C ) to the motor speed and the from the command speed to the disturbance torque are:
The closed-loop transfer function from the ω C to the motor torque and from the ω C to the shaft torque is:
The closed loop characteristic polynomial in close-loop with controller is given by:
Therefore, the closed-loop characteristic equation of the system with only PID controller is similar to that of the system with PID controller and compensation. The zeros of the H VF (s) depend on not only anti-resonance but also the variation of forward controller gains, while the zeros of transfer function are independent of compensation gains. But the zeros of H VT (s) are independent on the controller gains and compensation gains. In I-PD controller, the controller structure consists of an integral controller in forward (K DS =0, K PS =0) and proportional derivative compensation (K IF =0). If E V is output signal of integral controller, the state-space equations of the system with I-PD controller are given by:
( ) 
In order to achieve system stability on base Routh-Hurwitz algorithm, the condition for stability index for a four order system is:
IV. SIMULATION RESULTS
In this section, we verify the validity of the proposed method. All simulation is executed by Matlab. Fig. 6 show a close-loop control with PID controller and feedback compensation, structure in Simulink/Matlab. The parameters of the controller obtained from (19)-(22) are summarized in Table II . The eigenvalues of the close-loop system are listed in Table III . Fig. 7 and 8 show the step response of motor Engineering, Vol. 3, No. 5, September 2013 speed and frequency response for change in stability indexes with PID controller. The simulation results of motor speed and load speed due to unit-step command speed when the two-mass system is compensated by the conventional PID controller, I-PD controller and PID-P controller show in Figs. 9 and 10, respectively. The simulation results of shaft torque and motor torque due to unit-step command speed when the two-mass system is compensated by the conventional PID controller, I-PD controller and PID-P controller show in Figs. 11 and 12 , respectively.
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The simulation results of shaft torque and motor speed due to unit-step command speed using I-PD controller in the two-mass system with load inertia deviations show in Fig. 13 and 14, respectively. It is shown that the controller yields a robust stability system. Step response of motor speed using I-PD controller with load inertia deviations V. CONCLUSION Vibration suppression and attainment of robustness in motion control systems is an important problem in industry applications. The response of the system is studied for command speed changes. Analysis and simulation results are illustrated to verify good performance obtained using the proposed controller.
